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We, KooLAJiPARi Troszt, a body cor- 
porate duly organized under the laws of 
Hungary, of 11 Szemt Istvan-Korut, Budapest 
V, Hungary, do hereby declare the inven- 
tion, for which we pray that a patent may 
be granted to us, ami the method by which 
it is to be performed, to be particularly des. 
cdbed in and by the following sitatement: — 

This invention relates to apparatus for 
depth measuremenit in cased boreholes. 

As is known, the opening of odl and gas 
containing layers in oil research deep drill- 
ing— with the usual depth measuring tech- 
nique—inevitably leads to incorrect depth 
detennination. Down to about 3000 metres 
depth the relative me erf the error is not 
more than one per cent, that is, 2,5 metres 
at 2500 meteres depth, but in deptibs of 
more than 3000 metres this relative rate 
grows rapidly. Such depth measuring errors 
often make impossible the industrial utiliza- 
tion of the thin oil and gas conlaiiung 
layers, situated at a great depth. 

For ensuring adequate accuracy in depth 
measuring it is known to use a method in 
which the depth of the layers is determined 
in relation to the casing collars of the fixed 
cashig tube. After lowering the casing, a 
locator sonde, contained in the same hous- 
ing as a radio-active well logging sonde,, is 
lowered into the well whereafter the radio- 
active well logging (first of all the natural 
gamma-logging) and the indications of the 
locator sonde are simultaneously recorded. 
The radio-aotive recordings made through 
the wall of the cadng tube can be reliably 
identified by comparmg them with the radio- 
aotive recordings or even with the electrical 
well logging recordings recorded in fioirt 
of the casing; therefore the boundaries of 



the layers to be exploited, i.e. the depth of 
the sections to be perforated, can be defined 
in relation to the next ca^g coUar which 
is utilised as a convenient reference whose 
position is known. When it is desired to 
open the. layer, the perforator gun is 
lowered by a depth which is determined on 
the basis of the measurements made by 
means of a locator sonde wMch is mounted 
together with the perforator gun. The gun 
is stopped at said reference collar and has 
to be lowered or lifted only by a short dis- 
tance, e,g, a few metres, depending on the 
direction in which the borders of the layer 
to be opened lie with respect to the refer- 
ence casing collar. These few metres can 
be measured with a steel measuring tape on 
the well logging cable with centimetre- 
acoxiracy, and tWs is very satisfactory in 
practice. By using this technique any in- . 
accuracy in the depth measurements can be 
fully ekminated and very thin oil and gas 
reservoir layers which are located at a great 
depth can be exjploited. 

The operation of tiie locator sonde pre- 
viously used is based on various principles, 
for example, they may be electro-magnetic, 
mechanical, or ultrasonic systems. The 
ultrasomc well logging locator is not gener- 
ally accurate for measuring extreme depths, 
because of the temperature-dependence of 
the dectronic circuits built into the equip- 
ment which is in the bore hole. 

A mechanical well logging locator re- 
quires a very precise and accurate finish. 
A further disadvantage of the mechanical 
type is that besides indicating the casing 
collars it also responds to any appreciable 
irregularity in the casing tube. 

An eleotoo-magnetic casing collar locator 
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which has been proposed uses two self- 
induction coils, one of which changes its 
altemating current impedance when oppo- 
site a casing collar, and this impedance 
5 change is measured on an A.C. Wheatstone 

''--..^^idge. Tihe signal current is rectified by a 
vacuunxrtube rectifier circuit which forms 
part of tHfe^nde -andJs^wn the borehole, 
fhe current flows from the rectifier circuit 

10 to the recording instrument which is located 
on the surface by way of the same cable by 
means of which the altemating current of 
about 400 c/s frequency is sent down to the 
sonde for supply to the bridge. The deter- 

15 mination of the position of the casing collar, 
the radio-active well logging and the per- 
forating are all carded out by using die 
same equipment which is operated by a 
rectifying circmt The rectifier circuit can 

20 iQclude one or two vacuum-tubes and is 
located in the sonde itself. 

The present invention provides apparatus 
fox depth measurement m cased boreholes 
in which casing collars l ink successive longi- 

25 tudinal sections of tiie casing tube includ- 
ing a £0nde having a first pair of measuring 
coils for measuring magnetic resistance as 
the sonde is moving in the boreholes, said 
first ^air of coils being wound in opposite 

30 directions to provide an indication of the 
difference between the m^etic resistances 
measured by the pair of coils and being 
spaced from each other along the longitu- 
-dinal axis of the sonde by a distance sub- 

35 stantially equal to fhe length of a casing 
collar, the axis of each of said first coHs 
being perpendicular to the longitudinal axis 
of the sonde and each of said first coils 
having a permanent magnet core having a 

40 length almosit equal to the diameter of the 
casing tube, and one pole of the series cir- 
cuit formed by the fiist pair of coils being 
earths and the other pole connected to 
recording means located on the surface, the 

45 sonde also having two coH systems whi<^ 
serve for measuring differential magnetic 
resistance in the borehole when the sonde 
is stationary in the borehole, each coil sys- 
tem including an exdting coil and one, of a 

50 second pair of measuring coils, said two coU 
systems being differentially connected with 
respct to each other so as to indicate the 
difiference between the magnetic resistances 
measured by each of the second pair of 

55 measuring coils, the two coil systems being 
spaced ftbm each other along the axis of 
the sonde by a distance ecjual to the length 
of a casing collar and bemg perpendicular 
to the longitudinal axis of the sonde and 

60 each being wound on a laminated iron core 
whose length is ahnost equal to the diameter 
of the casing tube, the exciting coils being 
connected to an exciting means located on 
the suxEace and the second pair of measur- 
es iog coils to the recording means. 



The depth of the lowermost layer in the 
borehole can be found in relation to any 
characteristic irregularity in the magnetic 
resistance measurements. The irregularity 
will be evident due to the difference in the 70 
reconled readings for two adjacent points 
in the casing tube whioh is observed dur- 
ing random observations or in a continuous 
logging programme. An irregularity may 
occur, for eaxmple, ^due to the presence of 75 
a collar, or due to.^i'change in the thickness 
of the • casing tdbe or of the magnetic 
characteristics of the tube. Using apparatus 
according to the present invention tiie dif- 
ference in the magnetic resistance, i.e. the 80 
reductance, of the tube wall between two 
points may be continuously recorded. The 
radio-active measurement for the two depth 
positions, of the casing tube is also recorded 
and the distance between the two points is 85 
always arranged to be substantially equal 
to the length of one collari The depth of 
the desired earth layer which is recorded in 
a known manner on the diagram of the 
radio-active measurment is detennined in 90 
relation to a characteristic irregularity of 
the magnetic difference diagram. This irre- 
gularity, as explained above, may be due to 
the e;tistence of a casing tube collar, a 
change in the thicknesis of the casing tube 95 
wall or a magnetic characteristic. The per- 
forator and the measuring sonde connected 
thereto for measuring the differential mag- 
netic resistance can then be accurately . 
lowered to the desired earth layer and the 100 
perforation carried out. 

By means of the described embodiment 
of the invention it is possible to use a 
locator device utilizing an A.C. induced 
magnetic field to locate the casing collar 105 
and thus faciMtate accurate perforation. For 
maximum accuracy the locator sonde should 
preferably be stationary during measure- 
ments. No vacuum tube need be provided 
in the borehole since the measurements are 110 
made using a mutual induction effect. 
Therefore the apparatus is simpler and more 
reliable since, as is known, the mechanical 
shock impulse caused by firing the perfor- 
ator gun is detrimental to the life of vacuum. 115 
tubes. 

The invention will now be explained, 
by way of example, with reference to the 
accompanying drawings in which : — 

Fig. 1 shows a part of a collar locator 120 
according to one embodiment of the present 
invention showing the permanent magnets 
and the associated first pair of measuring 
coils; 

Fig, 2 showis the connection of the in- 125 
ducing and measuring coil systems of the 
other part of the same locator shown in 
Fdg. 1; 

Fig. 3 shows typical curves of the in- . 
ducing and measuring current, and the elec- 130 
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tromotive force induced in the measuring 
circuit; 

Fig. 4 is a wiring diagram of the locator; 
Fig. 5 shows one way of connecting the 
5 indicating and perforating circuits together; 
and 

• Fdg. 6 shows another way of connecting 
the indicating and perforating circuits to- 
gether. 

10 The locator (Fig. 1) which serves to re- 
cord simultaneously the position of the cas- 
ing collars and also cacries out the radio- 
active logging of the borehole, contains two 
^ permanent bar magnets 1 and IS which, 

15 have their like poles pointing in the same 
direction, and are arranged perpendicularly 
to the axis of the sonde so as to be spaced 
from one another. The distance between 
the two magnets is approximately equal to 

20 the length of a casing collar. On each bar 
magnet a measuring coil 2 or 2* is co- 
axially mounted, the two coils being wound 
in apposite directions. One pole 3 of the 
series circuit formed by these two coife is 

23 earthed, and the other pole 4 is connected 
dirough the cable core to a recording cir- 
cuit located on the surface. In conven- 
tional systems, the same cable which car- 
ries the radio-active impulses can be used 

30 as the cable for the two coils. In this case, 
however, the measuring coils of the casing 
collar locator are then connected to the 
control grid circuit of the output amplifier 
of the radio-active counting tubes, and the 

35 casing collar indications will have to be 
separated from the radio-active impulses 
both in the sonde and in the measuring and 
recording ins.trument on the surface by suit- 
able filter circuits. 

40 To locate the position of the casing 
collars prior to the perforation, the locator 
utilizes an alternating magnetic field. Two 
coil syistems (Fig. 2) are provided each hav- 
ing a laminated soft iron core. The two 

45 systems are spaced from each other along 
the axis of the sonde by a disitance approxi- 
mately equal to the length of a casing 
collar. The two coil sy&tems are arranged 
perpendicular to the axis of the sonde and 

50 each coil system contains one inducing coil 
4 or 4* and one measuring coil 5 and 5*, 
the coils being coaxial. 

The pair of coils 2, 2' shown in Fig. 1 
are used for measuring magnetic resistance 

55 as the locator sonde is moving down the 
borehole whilst the coil systems 4, 4\ 5, 5^^ 
shown in F3g. 2, supplied with A.C., are 
used for magnetic resistance measurements 
when the locator sonde is stationary in the 

60 borehole. 

Both the part of the locator which uses 
permanent magnets and that part utilising 
an A.C. generated magnetic field have their 
pair of measuring coils so connected that 

65 each resultant reading is the diflEerence be- 



tween the readings obtained by each coil of 
the respective pair of measuring coils, i.e. 
they are differentially connected. The two 
coils or pairs of coils have magentic fields 
which extend beyond the wall of the casing 70 
tube and cancel each other out. When the 
two coils Or pairs of coils are located in a 
homogeneous part of the tube, the resultant 
magnetic resistance of their magnetic cir- 
cuits is the same so that the magentic fluxes 76 
and jhe electromotive forces induced in the 
measuring coils are identical - and cancel 
each other out. 

If the coil system is located in surround- 
ings which as regards magnetic resistance, 80 
i.e. reluctance, are non-homogeneous, e.g. 
close to a casing collar or a change in the 
wall thickness, then the magnetic resis- 
tance is different for each coil and a result- 
ing electromotive force will be produced in 85 
the measuring circuit since one coil will be 
opposite tlie collar and the other will not. 

It will be clear that by using a collar 
locator as described above, a comparison 
can be made between tJie magnetic resis- 90 
tances in the vicinity of the two coils. 
In Fig. 2 the directions of the magnetic 
fluxes (j} and <l>^ and the induced electro- 
motive forces {ei and e^O are shown, assum- 
mg an inducing current (ig) of predeter- 95 
mined direction and increasing intensity. 

The alternating current cashing collar 
locator may be supplied with square wave 
or sinusoidal alternating current of constant 
frequency. lOO 

Sin^e the measuring indicattions are re- 
corded by the usual Deprez-D'Arsonval 
galvanometer system, the alternating electro- 
motive force produced in the measuring 
coils has to be rectified. 105 

In the case of square wave current a 
synchronous motor-driven electro-mechani- 
cal circuit breaker; a so-called well logging 
pulsator can be used to produce the alter- no 
nating current for the mducing coil and 
also to rectify the current pickecf up by the 
measuring coil. This pulsator comprises 
two circuit breaker systems: one of the cir- 
cuit breaker systems operating in the indue- u e 
ing circuit, the other one in the measuring 
circuit. In the case of pulsator feed, the 
frequency of the inducing current is prefer- 
ably the usual one, Le. appr. 20 cycles per 
second. 

120 

In Fig. 3 the variations of the inducing 
current ig and the induced electromotive 
force ei are represen^ted by solid and dashed 
lines, respectively, as a function of time i; 
the measuring current im flowing through 125 
the recording galvanometer is also shown. 
AH the pulses of the measuring current 
which occur in the same quarter period, 
flow in the same direction through the re- 
cording galvanometer after rectifjSig. One 130 
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period of the inducing current is marked 
with 'T" in the figiure. 

In Figure 3 the switching portions s of 
the measuring circuit rectifier pulsator are 
6. also indicated by a dotted line. The switch- 
ing on of the measuring circuit is always 
effected when an indudng pulse finishes and 
the circuit is switched off before the next 
inducing impulse commences to rise in the 

10 opposite direction. By the us© of such a 
pulsator it can he ensured that the resultant 
induced electromotive force in the measur- 
ing coils results in a deflecting current 
through the recording galvanometer of the 

IS highest possible average intensity. 

The measuring circuit of the locator— 
regardless of the radial posiition of the 
sonde— gives no indication in collarless tube 
sections when the axis of the sonde is 

20 parallel to the casing tube axis, if the design 
of the two coil-'paiis is identical and their 
geometrical location is symmetrical. 

If the number of turns on the two in- 
ducing codls or on the two measuring coils 

25 should be different due to inaccurate wind- 
ing, this difference is balanced out by 
adjustment. 

Fig. 4 is a schematic wiring diagram ia 
which 'T" denotes the inducing circuit, and 

30 "II" the measuring dicuit 

The direct voltage source 11 is connected 
tihrough a variable resistance 12 and a milli^ 
ammeter 13 to the inducing circuit side 14a 
of a pulsator 14, 'The output terminal of 

35 the pulsator supplies alternating current 
through a cable core 15 to the inducing 
coils 6a of the sonde 6, corresponding to 
coils 4, 4^ of Fig, 2, an eartii return being 
provided. 

The measuring coils 6b, corresponding to 
coils 5, 5* of Rg, 2, of the sonde are con- 
nected through two cables 7 to the measur- 
ing circuit/trectifier side 146 of the pulsator 
14. The rectifier supplies an output to a 

45 sensitive recording galvanometer 10 via an 
automatic sensitivity control circuit com- 
prising resistances 8 and parallel damping 
condenser 9. 
If the casing collar locator is fed with 

6Q current of sinusoidal shape, the resultant 
sinusoidal electromotive force induced in 
the measuring coils is amplified by a 
measuring amplifier, then rectified and fed 
into the recording drcuit The source of 

65 current and the amplifier, as well as the 
rectifying circuits, are arranged on the 
surface. 

The alternating current casing collar 
locator can easily be operated in association 
60 with a perforator gun. This operation of 
the indicating circuit and the perforating 
ckcuit can be effected b^ means of a 
coQunou three-core cable (Figs. S and 6). 
In the embo<Mment illustrated in Fig. S 
65 a blocking condenser 18 is connected in 



series with the measuring coil 16 of the 
locator sonde 17 and the cable 19. Cable 
19 is also connected to one pole of the 
heater coil 20 of the perforator 21 whose 
other pole is earthed. Before the perforat- 70 
ing operation is carried out the measuring 
circuit is disconnected on the surface, and 
the heater current for the perforator coil 
is sent down through the said cable core 
19. In the event of an earth leakage in 75 
the measuring circuit the blocking con- 
denser 18 wiirbe effective to protect the 
measuring coil 16 against any detrimental 
effect of the perforating current. 

The embodhnent shown in Fig. 6 utilises 80 
a two-position relay 22 which is connected 
in series with the measuring coil 23 of the 
locator sonde 17. This relay forms part 
of the sonde and connects one of the 
measuring circuit cables 24 to the raeasur- 85 
ing coils in the so-called measuring position 
I and to the unearthed pole of the heater 
coil 20 of the perforator in the so-called 
perforator position II, One pole of the 
relay actuatmg coil 25 is connected through 90 
a gas-fiUed electron tube 26 to cable core 
27 and thence to the inducing coil 28 of the 
locator. Under the influence of D.C, which 
has a greater intensity than the inducing 
current for the locator which is sent down 95- 
through the cable core, the gas-filled tube 
is rendered conductive and the current flow- 
ing througih the actuating coil of the relay 
switches ^e relay from the measuring posi- 
tion I to the perforatmg position 11. Be- 100 
fore perforating, the measuring circuit is 
disconnected on the surface, and the heater 
current is sent down through the com- 
mutated measuring circuit core 24 into the 
perforator coil. When the D.C. is removed 10& 
from the cable core 27, the relay changes 
back to the measuring position I. 

Tlie technical chaiaoteristics ot the 
measuring method and measuring equip- 
ment according to the invention may be 110 
summarised as foUows: — 

Determination of the location of the cas- 
ing collars is effected in the installation ac- 
cording to &e embodiment of the invention 
described by differential comparative mea- 115 
surement of the magnetic resistivity. This 
solution ensures an optimum signal to noise 
ratio, and higjh accuracy in measuring. The 
casing locator is reliable so fax as working 
stabikty and reliability are concerned since 120 
it does not incorporate any electronic ele- 
ments. 

WHAT WE CLAIM IS:— 

1. Apparatus for depth measurement in 
cased boreholes in which casing collars link 125 
successive longitudinal sections of the cas- 
ing tube including a sonde ha\dng a first 
pair of measuring coils for measuring mag- 
netic resistance as the sonde h moving in 
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the boiehole, said first pair of coils being 
wound in opposite directions to provide an 
indication of the difference between the 
magnetic resistances measured by the pair 
5 of coils and being spaced from each other 
along the longitudinal axis of the sonde by 
a ddsitance substantially equal to the length 
of a casing collar, tlie axis of each of said 
' first coils being perpendicular to the longi- 

10 tudanal axis of the sonde and each of said 
first coils having a permanent magnet core 
having a length almost equal to the dia- 
meter of the casing tube, and one pole of 
the series circuit formed by the fix&t pair 

15 of coils being earthed and the other pole 
connected to recording means located on 
the surface, the sonde also having two coil 
systems which serve for measuring differ- 
enitial magnetic resistance in the borehole 

20 when the sonde is stationary in the bore- 
hole, each coil system including an excit- 
mg coil and one of a second pair of mea- 
suring coils, said two coil systems being 
differentially connected with respect to each 

26 other so as to indicate the difference be- 
tween the magnetic resisitances measured 
by each of the second pair of mea- 
sunng coils, the two coils systems being 
spaced from each other along the axis of the 

30 sonde by a distance equal to the length of a 
casing collar and being perpendicukr to the 
longitudinal axis of the sonde and each be- 
ing wound on a laminated iron core whose 
length is almost equal to the diameter of 
- 36 the casing tube, the exciting coils being cou- 
nted to an exciting means located on the 
surface and the second pair of measuring 
coils to the recording means. 

2. Apparatus according to Claim 1 in 
40 which the exdting means serves to supply 

sonusoidal alternating current of a constant 
maximum value to the exciting coils, the 
measuring coils of the coil systems being 
connected, through frequency selective am- 
45 plifler means and signal rectifier means to 
the recording means. 

3. Apparatus according to Qaim 2 in 
whach the exdting means is connected to 
UJe exdiing cdte by a single cable and earth 

50 return circuit, and the measurii^ coils of 
the coil systems are connected to the am- 
plifier means tiirough a pair of cables. 



4. Apparatus according to Claim 3 in 
which the sonde includes a blocking capaci- 
tor connected between the measuring coils 65 
and one of said pair of cables, in which 
one pole of a heater coil of a perforator de- 
vice is connected to said one of the pair of 
cables and the other pole of the heatesr coil 

is earthed, means being provided for loca- 60 
tion, in operation, on the surface of the 
ground to interrupt the measuring coil cir- 
cuit*when current is fed to the -feater coil 
through said one of the pair of 'cables. 

5. Apparatus according to Claim 3 in 65 
which the sonde includes a relay having a 
movable contact which is movable between 
two fixed conitacts, the movable contact be- 
ing connected to one of said pair of cables, 
one of the fixed contacts being connected 70 
to the side of the measuring coils remote 
firom the other of the pair of cables and the 
other of the fixed contacts being connected 

to one pole of a hea-ter coM of a perforator 
device, the other pole of the heater coil be- 76 
ing earthed, the coil of the relay being con- 
n«:ted through a gas-fiUed electron tube to 
said single cable, and said movable contact 
being capable of being switdied from said 
one fixed contact to the other fixed contact 80 
as a result, in. operation, of a switching cur- 
rent flowing along the single cable tiirough 
the electron tube and through tiie relay coil 

6. Apparatus for depth measurement in 
cased boreholes, constructed, arranged and 86 
adapted to operate substantially as herein 
described with reference to Figures 1 lo 4 

of the accompanying drawings. 

7. Apparatus for deptii measurement in 
cased boreholes, consstructed, arranged and 90 
adapted to operate substantially as herein 
described with reference to Figures 1 to 5 

of thp accompanying drawings. 

8. Apparatus for deptli measurement in 
cased boreholes, oonsttucted, arranged and 95 
adapted to operate substantially as herein 
described wifli reiference to Figures 1 to 4 
and Figure 6 of the acc<Mnpanydng drawing. 

For the Applicants, 
FRANK B. DEHN & CO.. 
Chartered Paitent Agents, 
Imperial House, 15/19 Engsway. 
London. W.CZ 
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